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(57) ABSTRACT 

A method and apparatus are Set forth capable of processing 
a Substrate with a high uniformity within the Surface area 
even for a thin feeding layer. The method comprises arrang 
ing a counter electrode and the Substrate to confront each 
other; providing a membrane between the counter electrode 
and the Substrate to define a Substrate Side region and a 
counter electrode side region. The Substrate Side region and 
the counter electrode Side region are capable of accommo 
dating respective electrolytes. The Substrate Side region and 
the counter electrode Side region are Supplied with respec 
tive electrolytes having different Specific resistances. A 
processing current is also Supplied between the Substrate and 
the counter electrode. 
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APPARATUS AND METHOD FOR PROCESSINGA 
SUBSTRATE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method and 
apparatus for processing a Substrate, and more specifically to 
a process and apparatus for electrolytically processing a 
Substrate, Such as electroplating interconnect materials. Such 
as copper on a Surface of the Substrate formed with fine 
interconnect patterns for thereby forming LSI interconnects, 
or removing a metal film formed on the Surface by an 
electrolytic etching process. 

0003 2. Description of the Related Art 
0004 Lately, as for an interconnect material for forming 
electric interconnections on a Semiconductor Substrate, cop 
per having a low electric resistance and a high anti-elec 
tromigration property is replacing aluminum or aluminum 
alloys. Since it is difficult to form copper into an intercon 
nect shape through a conventional anisotropic etching, 
which is effective for aluminum, copper interconnects are 
formed through a process called a "copper damascene 
technology in which copper is filled inside fine recesses 
formed on the Substrate Surface. Other methods such as 
chemical vapor deposition (CVD) or Sputtering may deposit 
a copper film on the whole Surface of the Substrate, and 
requires removing of unnecessary portion of copper through 
a chemical mechanical planarization (CMP) process or 
electrolytic etching process. 

0005 FIG. 5 shows a flowchart for a conventional manu 
facturing process of the above described substrate W having 
the copper interconnects. In the first place, as shown in FIG. 
5(a), a Substrate W comprising a semiconductor base 1 
formed with Semiconductor devices or elements is prepared, 
on which an oxide film 2 made of SiO is deposited on a 
conductor layer la, fine recesses for interconnect Such as via 
holes 3 or interconnect trenches 4 are formed by a litho 
graphic etching process, a barrier layer 5 made of TaN or the 
like is formed thereon, and a seed layer 7 is further formed 
on the barrier layer 5 as a feeder layer for electroplating. 
0006 By plating copper on the surface of the substrate W. 
as shown in FIG. 5(b), a copper film 6 fills the via holes 3 
or interconnect trenches 4 as well as covers the Surface of the 
oxide film 2. Then, the copper film 6 and barrier layer 5 on 
the oxide film 2 is removed by the CMP or electrolytic 
etching process to Substantially level the Surface of the 
copper film 6 filling the via holes 3 and interconnect trenches 
4 with the exposed surface of the oxide film 2. Thus, the 
interconnect made of the copper film 6 is formed. 
0007 AS described above, as aluminum is replaced by 
copper for the interconnect material, apparatuses for elec 
troplating copper films or electrolytically etching copper 
films has been catching eyes of the industry. 
0008. When forming a copper interconnect using a cop 
per Sulfide Solution or a copper complex Solution as plating 
Solution and the Substrate W as a cathode, a Soluble anode 
is generally used Such as an electrolytic copper or a phos 
phorus containing copper. 
0009 FIG. 6 shows a general assembly of the above 
mentioned conventional copper plating apparatus employing 
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a So-called “face-up' design. This plating apparatus com 
prises an electroplating unit 10, and a plating Solution Supply 
System 12 for Supplying and recovering an electrolyte as a 
plating Solution to and from the electroplating unit 10. The 
electroplating unit 10 comprises: a substrate holder 14 
arranged elevatable and rotatable for detachably Supporting 
a Substrate W with the Surface facing upward; a bath forming 
member 16 shaped in a tapered hollow cylinder and 
assembled on the periphery of the substrate W Supported by 
the Substrate holder 14 to Surround a Space on the Substrate 
W; and an electrode head 18 arranged elevatable, rotatable, 
and located above the Substrate holder 14. 

0010. The bath forming member 16 has a smaller outer 
diameter at the lower end than the substrate W, and a top 
inner diameter larger than both the lower end thereof and the 
outer diameter of the electrode head 18 (the outer diameter 
of the porous member 22 described below). A seal portion is 
formed between the lower end of the bath forming member 
16 and the Substrate Surface during operation to make a 
plating bath in a region (Substrate side region) defined by the 
bath forming member 16 and the substrate surface. 
0011. The electrode head 18 comprises a housing 26 
having a open lower end covered by a porous member or 
diaphragm 22 for defining an anode chamber 24 within the 
housing 26, in which an anode 20 is accommodated. A 
power Source 28 for Supplying plating current between the 
seed layer 7 (shown in FIG. 5(a)) formed on a surface of the 
substrate W held by the substrate holder 14 and the anode 
2O. 

0012. The plating solution supply system 12 is for reserv 
ing and Supplying a plating Solution (electrolyte) Q Such as 
a copper Sulfide plating Solution, for example, and com 
prises: a reservoir tank 30, a couple of plating Solution 
supply lines 32, 34 extending from the reservoir tank 30 and 
connected to the electroplating unit, and a couple of plating 
Solution discharge lines 36, 38 for returning the plating 
solution from the electroplating unit 10 to the reservoir tank 
30. The plating Solution Supply System 12 Supplies the same 
plating solution from the reservoir tank 30 to a substrate side 
region which is defined between the substrate W and the 
porous member 22 and to an anode side region defined 
inside the anode chamber 24, and returns the plating Solution 
discharged from those regions to the reservoir tank 30. 
0013 Thus, a self-controlled system is constructed 
capable of automatically Supplying copper ions at the anode 
Side region to compensate copper ions decreased at the 
Substrate Side region. Supply lines may be provided indi 
vidually for both regions but discharged lines are returned to 
the same tank. The plating apparatus is mostly operated 
using an insoluble anode as the anode 20. It can be also used 
with soluble anode which is isolated with a porous mem 
brane called an “anode bag”. 
0014 FIG. 7 shows another conventional plating appa 
ratus employing a So-called “face-down” design. This plat 
ing apparatus comprises an electrolytic plating unit 40 
having a substrate holder 42 elevatable and rotatable for 
detachably Supporting a Substrate W with the Surface facing 
downward, and a plating vessel 44 for accommodating a 
plating Solution, which are arranged in an above-and-below 
relationship. Inside the plating vessel 44, an anode chamber 
50 is defined which is circumferentially partitioned by a 
Separation wall 46 and covered atop with a porous mem 
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brane, in which an anode 52 is arrange as a counter electrode 
to the substrate W at a position to confront the substrate W. 
Other structures are similar to the apparatus shown in FIG. 
6. This apparatus also provides a Self-controlled System for 
automatically Supplying copper ions at the counter electrode 
Side region to compensate those decreased at the Substrate 
Side region. 

0.015. As the LSIs are highly integrated, metal films such 
as the Seed layer or a feeder layer has become progressively 
thin for an electrolytic processing proceSS Such as an elec 
troplating or electrolytically etching process. AS the feeder 
layer becomes thinner, variance of plating potential within 
the surface area of the substrate W becomes larger. There 
fore, as shown in FIG. 6, a thickness of the plating film 
becomes larger at a position close to the feeding point to the 
Substrate W, and becomes progressively thin at positions 
away from the feeding point, that is, close to the center of the 
substrate W. This means that uniformity of the plating 
characteristics within the Surface area of the Substrate W is 
lowered, and that an effective Surface area or a device field 
ratio has become decreased for the Substrate W. In the 
electrolytic etching process, as shown in FIG. 8, an etching 
rate is large at a position close to the feeding point and 
Smaller at positions away from the feeding point. 

0016. The present invention has been accomplished to 
solve the above described problems, and an object of the 
invention is to provide a method and apparatus for electro 
lytically processing a Substrate in which the deposition or 
etching can be performed with a high uniformity within the 
Surface area even for a thin feeding layer. 

SUMMARY OF THE INVENTION 

0.017. According to one aspect of the present invention, a 
method for processing a Substrate comprises: arranging a 
counter electrode and the SubStrate to confront each other; 
providing a membrane between the counter electrode and 
the Substrate to define a Substrate Side region and a counter 
electrode Side region, the Substrate Side region and the 
counter electrode Side region capable of accommodating 
respective electrolytes, Supplying the Substrate Side region 
and the counter electrode Side region with respective elec 
trolytes having different Specific resistances, and Supplying 
a processing current between the Substrate and the counter 
electrode. 

0.018. By Supplying the counter electrode side region 
partitioned by the membrane with an electrolyte having a 
possible maximum specific resistance, and the Substrate side 
region with a normal process electrolyte, processing of the 
substrate can be performed with a high uniformity within the 
surface area of the Substrate even for a thin feeder layer with 
indefinitely high resistance. The electrolyte Supplied to the 
anode Side region may be provided only with a function as 
an electrolyte capable of conducting electricity So that 
processing ability is not lowered. 

0019. The membrane may comprise at least one of a 
porous membrane, a porous Structural member, and an ion 
eXchange membrane. The porous membrane or porous struc 
tural member comprises mutually communicating fine pores 
capable of maintaining electrolyte. Specifically, the porous 
member may be made of but is not limited to: a sintered 
compact of polyethylene or polypropylene; a laser worked 

Jan. 6, 2005 

porous member made of a Teflon (trade name) etc.; porous 
ceramics, Sponges, and woven or non woven fabrics. 
0020. The substrate may be formed with fine interconnect 
recesses for receiving a metal material through plating, and 
a feeder layer for feeding the Substrate with a plating current, 
and the fine interconnect recesses has a width not more than 
0.3 um and the feeder layer has a thickness not more than 
0.05 um. The present invention is particularly effective for 
the feeder layer as thin as not more than 0.05 um, when 
plating copper interconnections in an LSI, for example. The 
interconnections here are extremely fine with a width of not 
more than 0.3 um. 
0021. The substrate maybe set as an anode, and the 
counter electrode may be set as a cathode to electroplate 
copper to the Substrate, and the electrolyte Supplied to the 
counter electrode side region may have a larger specific 
resistance than the electrolyte Supplied to the Substrate Side 
region. AS for the electrolyte Supplied to the counter elec 
trode Side region, a dilute Sulfuric acid is exemplified. It may 
comprise but not limited to other Solutions Such as an 
aqueous Solution of copper Sulfide, or a mixed Solution of 
copper Sulfide and a dilute Sulfuric acid. 
0022. The electrolyte supplied to the counter electrode 
Side region may be a copper free electrolyte Solution. 
0023 The counter electrode may comprise an insoluble 
material. Although the invention is particularly effective 
when using an insoluble material as the counter electrode, 
Soluble materials is applicable. 
0024. According to another aspect of the present inven 
tion, an apparatus for processing a Substrate comprises: a 
vessel for accommodating the Substrate; a counter electrode 
arranged to confront the Substrate, a membrane arranged 
between the counter electrode and the Substrate to define a 
Substrate Side region and a counter electrode Side region, the 
Substrate side region and the counter electrode side region 
capable of accommodating respective electrolytes, electro 
lyte Supply Systems for respectively Supplying the Substrate 
Side region and the counter electrode Side region with 
respective electrolytes having different Specific resistances, 
and a power Source for Supplying a processing current 
between the Substrate and the counter electrode. 

0025 The membrane may comprise at least one of a 
porous membrane, a porous Structural member, and an ion 
eXchange membrane. 
0026. The electrolyte supply system for supplying the 
electrolyte to the counter electrode side region may com 
prise a specific resistance detector for detecting Specific 
resistance of electrolyte and a specific resistance adjuster for 
adjusting Specific resistance of electrolyte based on an 
output of the Specific resistance detector. It is possible to 
provide an electrolyte of a regularly controlled constant 
Specific resistance to the counter electrode Side region. 
0027. The Substrate may be set as a cathode, and the 
counter electrode may be set as an anode, and the counter 
electrode may comprise a mesh-like member made of an 
insoluble material. 

0028. The apparatus may further comprise a gas dis 
charge line for discharging a gas generated at the anode. It 
is possible to prevent the oxygen gas from reaching the 
Substrate to generate particles. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a schematic diagram showing an elec 
trolytic processing apparatus according to an embodiment of 
the present invention applied to an electroplating apparatus, 
0030 FIG. 2 shows a graph of a relationship between a 
location in the Substrate Surface and a film thickness for a 
plating proceSS using the apparatus shown in the FIG. 1 and 
a conventional apparatus, 
0.031 FIG. 3 shows a schematic diagram of an electro 
lytic processing apparatus according to another embodiment 
of the present invention applied to an electrolytic etching 
apparatus, 

0.032 FIG. 4 shows a schematic diagram of an electro 
lytic processing apparatus according to another embodiment 
of the present invention applied to an electroplating appa 
ratus, 

0.033 FIG. 5 is a schematic diagram of showing a 
process of forming a copper interconnect; 
0034 FIG. 6 is a schematic diagram showing the con 
ventional electroplating apparatus, 
0.035 FIG. 7 is a schematic diagram showing another 
conventional electroplating apparatus, and 
0.036 FIG. 8 shows a graph showing a relationship 
between the plated film thickness and a location within the 
Substrate Surface when plating and etching by using con 
ventional apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0037. The embodiment of the present invention will be 
described with reference to the attached drawings. The same 
or corresponding Structures with those in the conventional 
apparatus shown in FIG. 6 or FIG. 7 are designated with the 
Same numerals and the explanation will be omitted. 
0.038 FIG. 1 shows an electrolytic processing apparatus 
according to an embodiment of the present invention applied 
to an electroplating apparatus. AS shown in FIG. 1, the 
plating apparatus comprises an electroplating unit 10 and a 
couple of electrolyte Supply Systems 12a, 12b for Supplying 
and recovering an electrolyte to and from the electroplating 
unit 10. 

0.039 The electroplating unit 10 comprises a substrate 
holder 14, a bath forming member 16 shaped in a tapered 
hollow cylinder, and an electrode head 18. The bath forming 
member 16 has a smaller outer diameter at the lower end 
than the Substrate W, and a top inner diameter larger than 
both the lower end thereof and the outer diameter of the 
electrode head 18 (the outer diameter of the porous member 
22 described below). A seal portion is formed between the 
lower end of the bath forming member 16 and the substrate 
Surface during operation to make a plating bath in a region 
(Substrate side region) defined by the bath forming member 
16 and the Substrate Surface. 

0040. The electrode head 18 comprises a housing 26 
having a open lower end covered by a porous member or 
diaphragm 22 for defining an anode chamber 24 within the 
housing 26, in which an anode 20 is accommodated. A 
power Source 28 for Supplying plating current between the 
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seed layer 7 (shown in FIG. 5(a)) formed on a surface of the 
substrate W held by the substrate holder 14 and the anode 
2O. 

0041. The porous member 22 is made of a porous mem 
brane or a porous Structural member in the embodiment and 
can be replaced by an ion eXchange membrane. The porous 
membrane or porous Structural member comprises mutually 
communicating fine pores capable of maintaining electro 
lyte. Specifically, the porous member 22 may be made of but 
is not limited to: a sintered compact of polyethylene or 
polypropylene; a laser worked porous member made of a 
Teflon (trade name) etc.; porous ceramics, Sponges; and 
woven or non woven fabrics. 

0042. One of the electrolyte Supply systems 12a is for 
Supplying a plating Solution (processing liquid) Q1 Such as 
a copper Sulfide plating Solution to a Substrate Side region, 
which is defined between the Substrate W held by the 
substrate holder 14 and the porous member 22. The elec 
trolyte Supply Systems 12a comprises: a reservoir tank 30a 
for accommodating a plating Solution Q1; a plating Solution 
Supply line 32a and a plating Solution discharge line 36a 
extending from the reservoir tank 30a and connected to the 
Substrate Side region. 
0043 Another electrolyte supply system 12b is for Sup 
plying an electrolyte Solution (electrolyte) Q2 free of copper 
Such as a dilute Sulfuric acid to an anode side region (counter 
electrode side region), which is partitioned by the porous 
member 22 and defined within the anode chamber 24. The 
electrolyte Supply System 12b comprises: a reservoir tank 
30b for accommodating an electrolyte Solution Q2, a plating 
Solution Supply line 32b and a plating Solution discharge line 
36a eXtending from the reservoir tank and connected to the 
housing 26. 
0044) The electrolyte Q2 has a specific resistance (elec 
tric conductivity) p2 larger than the specific resistance 1 of 
the plating Solution Q1, as expressed by p2>p 1. 
004.5 The anode 20 is comprised of a mesh-like member 
made of an insoluble material Such as an insoluble metal 
Such as platinum or titanium, or a base metal plated with 
platinum etc. Such as a titanium mesh plate coated with 
iridium oxide, for example. By using the insoluble electrode, 
there is no need of eXchanging the electrode, and by using 
the mesh-like member, the plating Solution or generated 
gases can flow through the electrode. 
0046) When using an insoluble material for the anode 20, 
oxygen gas is generated at the Surface of the anode 20 during 
operation. A gas discharge line 60 is connected to the top 
wall of the housing 26, in this embodiment, for exhausting 
accumulated gases in the anode chamber 24, which is 
provided with a vacuum pump 62. The vacuum pump 
evacuates the oxygen gas to prevent it from reaching the 
substrate W to generate particles. The pressure within the 
anode chamber 24 is preferably controlled at a preset value 
by a feedback control within the process. 
0047. In the electrolyte supply system 12b, a specific 
resistance detector 64 for detecting the Specific resistance of 
the electrolyte Q2 within the reservoir tank 30b and a 
Specific resistance adjuster 66 for adjusting the Specific 
resistance of electrolyte Q2 based on the detected Signal by 
the Specific resistance detector 64 are provided. These 
devices make it possible to provide an electrolyte Q2 of a 
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regularly controlled constant specific resistance to the inte 
rior (counter electrode side region) of the anode chamber 24. 
When plating copper, a 0.03-0.05% phosphorus containing 
copper can be used as the anode 20 to SuppreSS generation 
of Slimes. 

0.048 One exemplified process using the electroplating 
apparatus is described for filling copper in via holes 3 and 
interconnect trenches 4 formed on a Surface of the Substrate 
W as shown in FIG. 5(a) and FIG. 5(b). 
0049. In the first place, as shown in FIG. 5(a), the 
Substrate W is prepared, on which fine recesses for inter 
connect Such as via holes 3 or interconnect trenches 4 are 
formed in the oxide film 2, and a barrier layer 5 made of TaN 
etc. and a Seed layer 7 as a feeder layer for electroplating are 
formed in turn. Since the present invention is particularly 
effective for the seed layer as thin as not more than 0.05um, 
when plating copper interconnections in an LSI, for 
example. The interconnections here are extremely fine with 
a width of not more than 0.3 um (shown in FIG. 6(c)). 
0050. The substrate W is supported by the substrate 
holder 14 with the surface facing upward and is elevated to 
a position at which the periphery of the substrate W is made 
to pressure contact with the bath forming member 16 to 
liquid tightly seal there. The electrode head 18 readily 
accommodating the electrolyte Solution Q2 within the anode 
chamber 24 is lowered until the distance between the upper 
(front) surface of the substrate W and the lower surface of 
the porous member 22 is a predetermined value. 
0051. At this state, a predetermined amount of plating 
Solution Q1 is Supplied or circulated to the Substrate side 
region defined between the substrate W and the electrode 
head 18 and Surrounded by the bath forming member 16. At 
the same time, the electrolyte Q2 contained in the anode side 
region partitioned by the porous member 22 within the 
anode chamber 24 is Supplied to the area above the Substrate 
W by preSSurizing inside the anode chamber 24 or releasing 
the air tightness of the anode chamber 24. By applying a 
plating voltage between the seed layer 7 of the substrate W 
and the anode 20 with the power source 28 to supply plating 
current and by rotating the Substrate W together with elec 
trode head 18 as is necessary, electroplating is performed on 
the Surface of the Substrate W. 

0.052 As described above, the anode side region (counter 
electrode side region) partitioned by the porous member 22 
is Supplied with the electrolyte Q2 with a maximum specific 
resistance p2 as possible, and by Supplying the Substrate side 
region with an ordinary plating Solution Q1, it is possible to 
uniformly plate the substrate W even the seed layer 7 has a 
resistance indefinitely high. Therefore, while the conven 
tional proceSS provides a larger thickness film at the periph 
ery close to the feed point than the central area, the present 
invention can deposit a uniform thickneSS film on the whole 
surface of the substrate W. Thus, the present invention can 
enhance uniformity within the Surface area to prevent 
decrease of an effective Surface area or device field ratio 
within the Substrate Surface. 

0053. The electrolyte Q2 Supplied to the anode side 
region may be provided only with a function as an electro 
lyte capable of conducting electricity So that the throughput 
or processing ability of the plating apparatus is not lowered. 
0054. After plating a predetermined time to fill copper 
within the via holes or interconnect trenches 4 as well as to 
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deposit a copper film 6 on the oxide film 2, application of 
plating Voltage between the Seed layer 7 and anode 20 is 
Stopped to finish the plating process. Then, the electrode 
head 18 is elevated, the Substrate holder 14 is lowered, and 
the Substrate Surface after plating is cleaned with deionized 
water etc. and is dried. Then, the Substrate W is transferred 
to the next process Stage. 
0055 FIG. 3 shows another embodiment of the present 
invention applied to an electrolytic etching apparatus. The 
difference between this embodiment and that shown in FIG. 
1 is that the electrolyte Supply System (plating Solution 
supply system) 12a shown in FIG. 1 is replaced by an 
electrolyte Supply System (etching Solution Supply System) 
12c comprising a reservoir tank 30c, an etching Solution 
Supply line 32c, and an etching Solution discharge line 36c 
for Supplying etching Solution Q3 Such as a phosphoric acid 
solution. Another difference is that the electroplating unit 10 
is replaced by an electrolytic etching unit 70 comprising a 
cathode 74 provided within a cathodic chamber 72 of the 
electrode head 18, so that power is supplied from the power 
Source 28 between the Substrate W as an anode and the 
cathode 74 to perform etching of the substrate W. 
0056 FIG. 4 shows a processing apparatus according to 
another embodiment of the present invention applied to an 
electroplating apparatus. The electroplating apparatus ulti 
lizes an electroplating unit 40 having a Substrate holder 42 
and a plating vessel 44 arranged in an above-and-below 
relationship. Inside the plating vessel 44, an anode chamber 
50 is defined which is circumferentially partitioned by a 
Separation wall 46 and covered atop with a porous mem 
brane 48, in which an anode 52 is provided as a counter 
electrode to confront the Substrate W. In the embodiment, a 
0.03-0.05% phosphorus containing copper is used as the 
anode 52 to Suppress generation of Slimes. 
0057 The plating solution Q1 is supplied through the 
electrolyte Supply System 12a into the interior of the plating 
vessel 44 from the bottom of the region surrounded by the 
outer wall of the plating vessel 44 and the separation wall 46 
of the anode chamber 50, and overflows the plating vessel 44 
to return to the reservoir tank 30a through the return line 36a 
to thereby be circulated. The electrolyte Q2 is supplied to the 
anode chamber 50 from the reservoir tank 30b through the 
supply line 32b through the center of the bottom and is 
discharged from the peripheral area of the bottom of the 
anode chamber through the discharge line 36b to return to 
the reservoir tank 30b to be circulated. Other structures are 
the same as that shown in FIG. 1. 

0.058. In this embodiment, the substrate W formed with a 
Seed layer 7 as a feeder layer is Supported by the Substrate 
holder 42 with the surface facing downward, is lowered 
below the top of the plating vessel 44 until it covers a part 
of the top opening of the plating vessel 44, and is halted 
there. 

0059 At this state, the plating solution Q1 is supplied to 
the Substrate Side region partitioned by the Separation wall 
46 and membrane 48, that is, an area within the plating 
vessel 44 except for the anode chamber 50, via the electro 
lyte Supply System 12a. The electrolyte Supply System 12a 
contains and Supplies a plating Solution Q1 Such as a copper 
Sulfide plating Solution. Concurrently, the electrolyte Q2 is 
Supplied and circulated to the anode Side region within the 
anode chamber 50, which is defined by the separation wall 
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46 and the membrane 48, via the electrolyte supply system 
12b. The electrolyte Supply System 12b contains and Sup 
plies an electrolyte Q2. Such as dilute Sulfuric acid. At this 
State, plating Voltage is applied by the power Source 28 
between the seed layer 7 and the anode 52 to supply plating 
current, and the Substrate W is rotated as is necessary, to 
thereby electroplate the surface of the substrate W. After a 
predetermined time of operation, plating is finished. 
0060. In the above embodiment, copper is used as the 
interconnect material. However, instead of copper, any cop 
per alloys, Silver, or Silver alloys can be used. 
0061. In the embodiment of the present invention, the 
counter electrode Side region partitioned by the membrane 
22, 48 is Supplied with an electrolyte having a possible 
maximum specific resistance, and the Substrate side region 
is Supplied with a normal process electrolyte, So that depo 
Sition or etching can be performed with a high uniformity 
within the Surface area of the Substrate W even for a thin 
feeder layer 7. Therefore, it can provide a uniform film 
thickness, uniform interconnect filling properties, or uni 
form etching properties within the Surface area even when 
processing a Substrate W of a large diameter, So that Semi 
conductor devices can be stably manufactured with a high 
yield. 
What is claimed is: 

1. A method for processing a Substrate comprising: 
arranging a counter electrode and Said Substrate to con 

front each other; 
providing a membrane between said counter electrode and 

Said Substrate to define a Substrate Side region and a 
counter electrode side region, Said Substrate Side region 
and Said counter electrode Side region capable of 
accommodating respective electrolytes, 

Supplying Said Substrate Side region and Said counter 
electrode side region with respective electrolytes hav 
ing different Specific resistances, and 

Supplying a processing current between Said Substrate and 
Said counter electrode. 

2. The method of claim 1, wherein said membrane com 
prises at least one of a porous membrane, a porous Structural 
member, and an ion exchange membrane. 

3. The method of claim 1, wherein said Substrate is 
formed with fine interconnect recesses for receiving a metal 
material through plating, and a feeder layer for feeding Said 
Substrate with a plating current, Said fine interconnect 
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recesses having a width not more than 0.3 um and Said 
feeder layer having a thickness not more than 0.05 lim. 

4. The method of claim 3, wherein said Substrate is set as 
an anode, and Said counter electrode is Set as a cathode to 
electroplate copper to Said Substrate, and wherein Said 
electrolyte Supplied to Said counter electrode side region has 
a larger Specific resistance than Said electrolyte Supplied to 
Said Substrate Side region. 

5. The method of claim 4, wherein said electrolyte Sup 
plied to Said counter electrode Side region is a copper free 
electrolyte Solution. 

6. The method of claim 1, wherein said counter electrode 
comprises an insoluble material. 

7. An apparatus for processing a Substrate comprising: 
a vessel for accommodating Said Substrate; 
a counter electrode arranged to confront Said Substrate; 
a membrane arranged between Said counter electrode and 

Said Substrate to define a Substrate Side region and a 
counter electrode side region, Said Substrate Side region 
and Said counter electrode Side region capable of 
accommodating respective electrolytes, 

electrolyte Supply Systems for respectively Supplying Said 
Substrate Side region and Said counter electrode Side 
region with respective electrolytes having different 
Specific resistances, and 

a power Source for Supplying a processing current 
between Said Substrate and Said counter electrode. 

8. The apparatus of claim 7, wherein said membrane 
comprises at least one of a porous membrane, a porous 
Structural member, and an ion eXchange membrane. 

9. The apparatus of claim 7, wherein said electrolyte 
Supply System for Supplying Said electrolyte to Said counter 
electrode Side region comprises a specific resistance detector 
for detecting Specific resistance of electrolyte and a specific 
resistance adjuster for adjusting Specific resistance of elec 
trolyte based on an output of Said Specific resistance detec 
tor. 

10. The apparatus of claim 7, wherein said substrate is set 
as a cathode, and wherein Said counter electrode is set as an 
anode, and wherein Said counter electrode comprises a 
mesh-like member made of an insoluble material. 

11. The apparatus of claim 10, further comprising a gas 
discharge line for discharging a gas generated at Said anode. 


